guanine phosphoribosyltransferases. The existence of two enzymes in Escherichia coli has been suggested by Krenitsky et al. (6) .
The following procedures were used to obtain a purine phosphoribosyltransferase mutant. The strain TR119 (aroP505 gal-501 ilvA405 proA46 purC7 purI509 rha-461 str) contains two blocks in purine biosynthesis (purC and purl) prior to the formation of aminoimidazole carboxamide ribotide (AICAR) and can grow on either adenine or guanine as a purine source (Fig. 1) . Mutagenesis of strain TR119 with diethylsulfate (DES) and pencillin enrichment (8) led to the isolation of strain TM441 which contains in addition to the parental markers, guaB600. Strain TM441 requires guanine as the purine source, and its defect was verified as being in guaB by enzymatic assay of inosine monophosphate (IMP) dehydrogenase. Mutagenesis and penicillin enrichment of strain TM441 led to the isolation of strain TM442, which, in addition to the mutations in the parental strain TM441, contains the mutation guaC601. Strain TM442 (purC purI guaB guaC) requires both adenine (or hypoxanthine) and guanine (or xanthine) for growth, although for reasons that are not understood, it will not grow on xanthine plus adenine in liquid media but will grow slowly with these supplements on solid media.
Next, to select mutants of strain TM442 that would be unable to grow on hypoxanthine plus guanine but would be able to grow in adenine plus guanine, a final mutagenesis with DES followed by penicillin enrichment was employed. Such mutants could either be deficient in the conversion of hypoxanthine to 3) have demonstrated that the second guanine transferase activity works on guanine and xanthine, and have mutants in the gene for this enzyme which they have designated gxu. Our results indicate that the gxu product has some hypoxanthine transferase activity and that this activity is very sensitive to inhibition by guanine or xanthine. a Cells were grown to late log phase in a rotary shaker at 37 C overnight in nutrient broth medium (0.8% nutrient broth [BBL] and 0.4% NaCl). Cultures of 200 ml were collected by centrifugation and washed once with minimal medium (medium E; 9), then suspended in 1.5 ml of 0.1 M tris(hydroxymethyl)aminomethane (Tris)-chloride, pH 7.8. The suspension was disrupted by sonic oscillation with a Biosonik Probe Sonicator (Bronwill Scientific) at 50% maximal setting twice for 20-sec with cooling in between. The extracts were clarified by centrifugation at 12,000 x g for 15 min. Assays were performed in 20-to 40-pliter incubation mixtures containing 0.1 M Tris-chloride (pH 7.8), 2.5 mm MgCl2, 2.5 mm sodium-phosphoribosylpyrophosphate, enzyme, and purine base. "4C-labeled purine bases were obtained from Schwarz/Mann. The isotopes were diluted with nonradioactive purine bases and used in the incubation mixtures at the following final concentration: xanthine and hypoxanthine, 1.25 mM; guanine, 0.5 mm. At varying time points, 5-,gliter samples were removed and spotted on thin-layer chromatograms. When xanthine or hypoxanthine phosphoribosyltransferase activity was to be determined, the samples were applied (with marker base and nucleotide added) to polyethylenimine cellulose thin-layer plates (J. T. Baker Chemical Co.) and developed with distilled water. For guanine transferase determinations, cellulose thin-layer plates (J. T. Baker Chemical Co.) were used and developed with 1 M NH4 acetate (4) . Protein contents of the extracts were determined (7). The specific activities given are taken from the linear portion of the nucleotide formed versus time plots. ND means that no activity was detectable. Numbers in parentheses represent percentages of TM442 specific activities. I tivity when extracts were prepared from cultures which had been grown in nutrient broth (Table 1) . A transductant of strain TM443 to guaB+ (strain TM445) was also deficient in hypoxanthine phosphoribosyltransferase activity. We have tentatively given the new mutation in strain TM443 the designation hpt-1 (for hypoxanthine phosphoribosyltransferase). hpt-1 appears to be a missense mutation: it is reverted to growth on hypoxanthine plus guanine by N-methyl-N'-nitro-N-nitrosoguanidine, but the revertants do not contain nonsense suppressors (2) . Although the strains harboring hpt-1 are devoid of hypoxanthine phosphoribosyltransferase activity when the cells are grown on nutrient medium, strain TM443 grown on minimal medium enriched with guanine and adenine and strain TM445 grown on minimal medium enriched with adenine do have some hypoxanthine transferase activity (Table 2) . However, this activity differs from that in the parental strain in two ways. First, the mutant strains have only approximately 40% of the hypoxanthine transferase activity of the parental strain (Table 2 , column 1). Second, the hypoxanthine activity is inhibited completely by concentrations of guanine or xanthine that inhibit the parental activity by only 20% (compare columns 2 and 3 with column 1, Table 2 ).
Since the enzyme(s) that carries out the hypoxanthine transferase reaction may also be involved in guanine and xanthine transfer, the hpt strains were examined for guanine and xanthine transferase activity. Strain TM443 and strain TM445 grown on nutrient medium have only approximately 12% of the guanine phosphoribosyltransferase activity of strain TM442 (Table 1) . However, the guanine transferase activities in these strains grown on minimal medium are higher and almost indistinguishable from that of strain TM442 ( Table  2 ).
The simplest model, most consistent with the data is that S. typhimurium contains two guanine-hypoxanthine phosphoribosyltransferases (Fig. 1) . One enzyme is relatively specific for guanine and xanthine although it has some hypoxanthine activity and is presumably coded for by the gxu gene (4). This enzyme is repressed in nutrient medium or induced in purine-supplemented minimal medium, or both, in strains carrying guaC. The hypoxanthine activity of this enzyme is completely inhibitable by low guanine or xanthine concentrations. The second transferase works on both guariine and hypoxanthine, and its affinity for hypoxanthine is much greater than that of the first transferase. This enzyme does not appear to be strongly repressed in nutrient broth. The second transferase is missing in hpt mutants.
Further corroboration of this interpretation comes from the analysis of a guaC+ transductant of strain TM443, strain TM446. This strain is no longer repressed for the guanine-xanthinespecific phosphoribosyltransferase (gxu product) when grown on nutrient broth (Table 1) . However, it still contains the hpt-1 mutation as shown by the fact that the hypoxanthine transferase activity which it expresses is completely inhibitable by low concentrations of either guanine or xanthine. All of the strains listed in Table 1 have normal levels of adenine phosphoribosyltransferase (data not given).
An independent analysis showing that certain proline deletion mutants lack a guaninexanthine-specific phosphoribosyltransferase (gxu) and also concluding that S. typhimurium contains two phosphoribosyltransferases for guanine recently has been reported (C. E. Benson, S. R. Shumas, J. S. Gots, Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 52, 1972; reference 3). The hpt mutation is not cotransduced with proA, since none of 100 Pro+ transductants of strain TM443, using donor phage from proA+ hpt+ strain, would grow on hypoxanthine plus guanine, suggesting that hpt and gxu are not linked.
